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(54) METHOD OF AND APPARATUS FOR MEASURING NONUNIFORMITY OF GLOSSINESS AND 
THICKNESS OF PRINTED IMAGE 


(57)^;^ An-OuleiLsurface-of-an-object(23)^is irradiated 

with^^ible light tfora^^lrght source^^T>, and the 


H'eflected lic^ht is accuired bv 


24). A two- 


dimensional iniage with gradation is Fourier trans- 
formed by an^ irnage analyzer (20). The bri ghtness,and_ 
darkness.of.the i mage are bipolarized using an empha- 
sis coefficient in a predetermined wavelength range in 
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the process of Fourier transform. The bright regions and 
dark regions forming closed regions are calculated sep- 
arately as regions representing gloss irregularity or 
printing unevenness, thereby outputting a statistical 
parameter of the areas as a measured result 
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Description 
TECHNICAL FIELD 

5 The present invention relates to a measuring method and apparatus of the gloss irregularity and printing uneven- 
ness which are measured quantitatively as one of the items of qualities. 

BACKGROUND ART 

10 Recently, besides the gloss intensity of surfaces of products, the unevenness of gloss and that of printed coated 
paper or films have been regarded important as the quality of the products. The qualities are, for exarrple, "surface feel: 
ing" of coated paper, Howmarks" of the surface of formed plastics, and "clear reflective property" of autonx)bile appli- 
cations. 

About the surface feeling of coated paper, it is considered that the more uniform the gloss value of the product 
15 appearance, the better the. surface feeling. The evaluation has been conventionally made by inspectors who corriucts 
visual observation mainly of the sub-millimeter gloss irregularity on the coated paper. Alternatively, the following test 
methods have been proposed, in which images of product appearance are picked up with an image pickup device like 
a TV camera, and the luminance level distribution (the reflected light power) of the product appearance is calculated on 
the basis of the acquired images. 
20 One of the methods remodeled a chromato-scanner to scan tiie surface of coated paper with a light flux of 0.4 
mrri0 at angles of incidence and reflection of 75 degrees, and has disclosed that the standard deviation of reflected light 
power has a relation to the rank order of visual inspection (H. Fujiwara et al,. 1990, TAPPI Coat. Conf. Proc.. 209 

(1990) ). 

Another method is to obtain the correlation between the average of visually observed rank order and the result of 
25 the analysis of a two-dimensional image formed by surface reflection from printed paper, which was acquired bj^a CCD^ 
camera . This method has disclosed that the rank order exhibits good correlation with the reflected light power, that is, 
with the variation coefficient of gradation. However, it has been reported that there were many cases which exhibited 
no correlation about tiie gloss irregularity of white paper (M. A. MacGregor et al., 1991. TAPPI Coat. Conf. Proc, 495 

(1991) ). 

30 Next, the printing unevenness of printed coated-paper will be explained. The printing unevenness is considered to 
increase with the ink density \^riation in neighborhoods in an area to be printed uniformly. The degree of unevenness 
is considered to correspond to the magnitude of difference among them. Since the printing unevenness is likely to 
appear in halftone regions of uniform ink density, the visual evaluation is carried out by an inspector on the halftone 
areas of the printed matter. Several measuring metiiods and devices have also been proposed to detect the printing 

35 unevenness. 

One of the methods is to calculate areal ratios of individual dots in the halftone areas, and derive the coefficients 
of variation (Takao Arai, Magazine of the Paper and Pulp Engineering Institute, 43 57 (1989)). 

Another method is to conduct the line scanning of the series of dotted regions in a halftone portion by an image 
analyzer to digitize the regularity of density profile, thereby obtaining parameters of the printing unevenness (T. Kbsk- 
40 inen et al., Paperi JaPuu 74 45 (1992)). 

The visual inspections of the gloss irregularity and printing unevenness, however, lack quantitative accuracy 
because they depend on personal subjectivity, and hence it requires many professional Inspectors to carry out objective 
judge on the qual'rty of printing. 

On the other hand, the above mentioned optical test methods of gloss irregularity have the following drawtacks. 
45 Although the quantification of optical measurement of the gloss irregularity is tried using reflected light power dis- 
tribution, ft has a problem that the results do not necessarily coincide with those of the visual inspection. In particular, 
there are large errors in the optical method in the case where white paper surface feeling (the surface feeling before 
printing) is tested by measuring the power distribution of reflected light. This is because the intense diffused reflected 
light weakens tiie gloss in^egularity associated with tiie true reflected light 
so Moreover, in the optical test of the printing unevenness, there are some cases which do not coincide with the results 
of the visual inspection because the optical method measures ink density only. 

Taking account of tiiese facts, an object of the present invention is to provide an optical measuring method and 
apparatijs of the gloss irregularrty which can quantitatively express the measured results of the gloss irregularity with 
accuracy in terms of magnitude and distribution of the gloss irregularity ratiier than the power distribution of light, and 
55 to offer a measuring mettiod and apparatus of tiie printing unevenness which can improve the accuracy by measuring 
the areas and distribution of uneven portions of ink density rather than by measuring tiie ink density itself. 

Other objects and features of the present invention will be apparent from the following description, some of which 
will become dear by tiie description, or be understood by implementing the present invention. The objects and advan- 
tages of the present invention are implemented by the means recited in the claims and the combinations thereof. 
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DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a measuring method and apparatus which makes it possible to 
measure the gloss irregularity and the printing unevenness more accurately than the conventional methods which uti- 
5 lize the power distribution of light and the density distribution of ink. 

The measuring method of the gloss irregularity and printing unevenness in accordance with the present invention 
acquires an image of an inspection object with an image pickup device, and includes the following steps carried out by 
an image analyzer: detecting, in the acquired image, bright or dark regions forming dosed regions as portions repre- 
sentative of the gloss irregularity and printing unevenness of the inspection object; obtaining the areas of the individual 
10 closed regions detected; calculating the distribution of the areas; and produdng the calculation results as the measured 
results of quantified gloss irregularity and printing unevenness. The inventas of the present application have discov- 
ered that bright and dark portions form the closed regions in the acquired Image because the gloss irregularity and the 
printing unevenness on the appearance of a product have greater differences In brightness and thickness than their sur- 
rounding regions. Thus, calculating the distribution of areas of these closed regions makes tt possible to express quan- 
75 titatively the nneasured results of the gloss irregularity and the printing unevenness. 

More specifically, a first aspect of the present invention is characterized in that it acquires an image of an inspection 
object with an image pickup device, and by using an image analyzer, it detects, in an acquired image, bright regions or 
dark regions forming closed regions, the closed regions being considered to represent printing unevenness of the 
inspection object; obtains areas of tiie closed regions; calculates a distribution of the areas: and adopts a result of cal- 
20 culating as a quantified value of measured results of the printing unevenness. 

A second aspect of the present invention is characterized, in addition to the first aspect of the present invention, in 
that the distribution of the areas is a mean of the areas or a standard deviation of the areas. 

A third aspect of the present irrvention is characterized in that it acquires an image of an inspection object with an 
image pickup device, and using an image analyzer, it detects, in an acquired image, bright regions or dark regions form- 
25 ing closed regions, the closed regions being considered to represent printing unevenness of the inspection object; and 
calculates a product of a mean area of tine closed regions and a standard deviation of areas of tiie closed regions as a 
qualified value representative of the printing unevenness. 

A fourth aspect of the present invention is characterized in that an image of a surface of paper is acquired with an 
image pickup device, and using an image analyzer, it detects, in an acquired image, bright regions or dark regions form- 
30 ing closed regions: obtains areas of the dosed regions; calculates a distribution of the areas; and adopts a result of the 
calculation as a quantified value representing the printing unevenness. 

A fifth aspect of tiie present invention is characterized, in addition to the fourth aspect of tiie present invention, in 
that a kind of the paper is one of gloss tone coated paper, mat tone coated paper and a paperboard. 

A sixth aspect of the present invention is characterized, in addition to the first, third and fourth aspects of the 
35 present invention, in that it emphasizes brightness and darkness of the acquired image in detecting tiie bright regions 
or the dark regions forming the dosed regions. 

A seventii aspect of the present invention is characterized In that it comprises: image pickup means for acquiring 
an image of an inspection object; detecting means for detecting. In an acquired image, bright regions or dark regions 
forming closed regions, the closed regions being considered to represent printing unevenness of the inspection object; 
40 area obtaining means for obtaining areas of the closed regions; calculating means for calculating a distribution of areas, 
and for outputting a calculating result as a measured result of the printing unevenness. 

An eighth aspect of the present invention is characterized, in addition to the seventh aspect of the present inven- 
tion, in ttiat it furtiier comprises a polarization filter which ti*ansmlts only a diffused reflected light from the inspection 
object to the acquiring means. 

45 A ninth aspect of the present invention is characterized in that it acquires an image of an inspection object with an 
image pickup device, and using an image analyzer, it detects, in tiie acquired image, bright regions or dark regions 
forming closed regions, the closed regions being considered to represent gloss irregularity of the inspection oliject; and 
calculates a product of a mean area of tiie closed regions and a standard deviation of areas of the closed regions as a 
qualified value representative of the gloss Irregularity. 

50 A tentii aspect of the present invention is characterized in tiiat it acquires an image of a surface of mat paper witii 
an image pickup device, and using an image analyzer, it detects, in an acquired image, bright regions forming dosed 
regions, the dosed regions being considered to represent gloss in-egularity of the surface of the mat paper; obtains 
areas of the closed regions; calculates a distribution of the areas: and adopts a result of the calculation as a quantified 
value representing the gloss irregularity. 

55 An eleventii aspect of the present invention is characterized in that it acquires an image of a surface of a paper- 
tx>ard with an image pickup device, and using an image analyzer, it detects, in an acquired image, dark regions forming 
closed regions, the closed regions being considered to represent gloss irregularity of the surface of the paperljoard; 
obtains areas of tiie dosed regions; calculates a distribution of the areas; and adopts a result of the step of calculating 
as a quantified gloss Irregularity. 
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A twelfth aspect of the present invention is characta'ized, in addition to the eleventh aspect of the present invention, 
in that the distribution of the areas is a mean area or a standard deviation of the areas. 

A thirteenth aspect of the present invention is characterized in that in a measuring method of gloss irregularity 
acquiring an image of a surface of paper with an image pickup device, and can/ing out infornrtation processing on an . 
5 acquired image with an Image analyzer, thereby adopting a result of the'information processing as a measuring result 
of the gloss irregularity, it provides the image analyzer with information on a kind of the paper for determining which cne 
of bright regions and dark regions of the acquired image is to be employed, and the image analyzer detects, in the 
acquired image, dosed regions of one of the bright regions or dark regions in accordance with the kind of the paper; 
obtains areas of the dosed regions; calculates a distribution of the areas; and adopts a result of the step of calculating 
10 as a quantified gloss irregularity. 

A fourteenth aspect of the present invention is characterized, in addition to the thirteenth aspect of the present 
invention, in that a kind of the paper is one of gloss tone coated paper, mat tone coated paper, and a papert>oard. 

A fifteenth aspect of the present invention is characterized. In addition to the fourteenth aspect of the present inven- 
tion, in that the closed regions are dark regions of the acquired image in the gloss tone coated paper. 
15 A sixteenth aspect of the present invention Is characterized, in addition to the fourteenth aspect of the present 
invention. In that the dosed regions are bright regions of the acquired image in the mat tone coated paper. 

A seventeenth aspect of the present invention is characterized, in addition to the fourteenth aspect of the present 
Invention, in that the dosed regions are dark regions of the acquired Image in the paperboard. An eighteenth aspect of 
the present invention is characterized, in addition to the ninth, tenth, eleventh and thirteenth aspects of the present 
20 invention, in that it emphasizes brightness arxi darkness of the acquired image in detecting the bright regions or dark 
regions which form the dosed regions. 

In the first, second and third aspects of the present invention, the accuracy of measurement is increased by grasp- 
ing the printing unevenness in the form of the dosed regions in the acquired image, and by expressing the degree of 
distribution of the areas of the closed regions in terms of, for example, the mean area, the standard deviation, the coef- 
25 f icient of variation, the number of white portions or dark portions per unit area, or the product of the mean area and the 
standard deviation. In particular, the mean area, the standard deviation and the product of the mean area and the stand- 
ard deviation are preferable as a quantified value of the visual evaluation. 

In the fourth aspect of the present invention, the inspection object is paper, and the degree of printing unevenness 
of printed portions on the paper is determined by the image processing. 
30 In the fifth aspect of the present Invention, the measurement of the printing unevenness of the gloss tone coated 
paper, mat tone coated paper and paperboard becomes possible. A quantified value is preferable to represent the 
degree of printing unevenness in halftone areas of the inspection object. Above all. it is preferable that the dark regions 
be detected as regions representing the printing unevenness in the gloss tone coated paper, mat tone coated paper and 
paperboard. 

35 In the sixth aspect of the present Invention, in addition to any one of the first, third, and fourth aspects of the present 
Invention, the accuracy of measurement of printing unevenness is increased by emphasizirig the brightness and dark- 
ness of the acquired image. 

In the seventh aspect of the present invention, the measured result of printing is obtained by calculating the image 
areas of either the bright or dark portions which form the dosed regions. 

40 In the eighth aspect of the present invention, besides the seventh aspect of the present invention, transmitting only 
the diffused reflected light to the image pidoip device can increase the accuracy of measurement of printing uneven- 
ness. This is because the inspection of the printing unevenness is carried out by observing the ink density, or more pre- 
cisely, the unevenness of dot density, which depends on the diffused reflected light from the surface of the printed 
paper. Inddentally. the fine gloss irregularities of the coated paper are due to the regularly reflected light. Thus, this dif- 

45 fers from the gloss irregularity due to the diffused reflected light, which causes the printing unevenness. 

In the ninth aspect of the present invention, the accuracy of measurement of the gloss irregularity Is increased by 
expressing the degree of the gloss irregularity by the product of the mean area and the standard deviation of the areas 
of the closed regions derived from the acquired image. It is preferable to adopt the mean area, the standard deviation 
and the product of the mean area and the standard deviation as a quantified value corresponding to the visually 

so observed result of the gloss inegularity. 

In the tenth aspect of the present invention, the inspection object is the mat paper, and the desirable accuracy of 
the measurement of the gloss irregularity of the mat paper is obtained by calculating the areas of the t^ight portions 
forming the closed regions. 

In the eleventh aspect of the present invention, the object of inspection is the paperboard. and the desirable accu- 
55 racy of measurement of the gloss irregularity on the papertx)ard Is obtained by calculating the areas of the dark portions 
forming the closed regions. It is preferable with the gloss tone coated paper and papert>oard to detect the dark portions 
as regior^ representing gloss irregularity, whereas with the mat coated paper, the bright portions. 
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In the twelfth aspect of the present invention, besides tiie tenth or eleventh aspect of the present inventon. the 
accuracy of measurement of the gloss irregularity is increased by expressing the degree of the gloss irregularity by the 
mean area, or the standard deviation of the areas. 

In the thirteenth aspect of the present invention, the accuracy of measurement of the gloss irregularity is increased 
5 by selecting the data of the closed regions of either the bright portions or the dark portior^ In accordance with the kind 
of paper. 

In the fourteenth aspect of the present invention, besides the thirteenth aspect of the present invention, the meas- 
urement of the gloss in-egularrty is possible with the gloss tone coated paper. maX tone coated paper and papertx>ard. 

In the fifteenth aspect of the present invention, besides the fourteenth aspect of the present invention, the accuracy 
10 of measuremerrt of the gloss irregularity is.inaeased by using the image data of the closed regions in the dark portions 
for the gloss tone coated paper. 

In the sixteenth aspect of the present invention, besides the fourteenth aspect of the present invention, the accu- 
racy of measurement of the gloss irregularity is Increased by using the image data of the closed regions in the bright 
portions for the mat tone coated paper. 
15 In the seventeenth aspect of the present inventon. besides the fifteenth aspect of the present inverrtion, the accu- 
racy of measurement of the gloss irregularity is incrieased by using the irrrage data of the closed regions in the dark por- 
tions for the paperboard. 

In the eighteenth aspect of the present invention, besides any one of the ninth, tenth and eleventh aspect of the 
present invention, the. accuracy of measurement of the gloss in-egularity is inaeased by emphasizing the brightness 
20 and darkness of the acquired image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which constitutes a part of the specification, show preferred embodiments of the 
25 present invention together with the specification, and will serve to understand the present invention by referring while 
reading the summary and the detailed description of the preferred embodiments: 

Fig. 1 is a functional structural diagram showing a furKiamental arrangement of an embodiment in accordance with 
the present invention; 

30 Fig. 2 is a structural diagram showing a structure of a first embodiment in accordance the present invention; 
Fig. 3 is image examples of acquired results and emphasis processing; 
Fig. 4 is diagrams showing measured and evaluated results by visual inspection: 

Fig. 5 is a diagram illustrating relations between the mean rank order of visual inspection and the standard devia- 
tion of bright areas associated with gloss irregularity; 
35 Fig. 6 is a diagram illustrating relations between the mean rank order of visual inspection and the standard devia- 
tion of dark areas associated with gloss irregularity; 

Fig. 7 is a diagram illustrating relations between the mean rank order of visual inspection and the mean areas of 
bright regions associated with gloss irregularity; 

Fig. 8 is a diagram illustrating relations between the mean rank order of visual inspection and the mean areas of 
40 dark regions associated with gloss irregularity; 

Fig. 9 is a diagram illustrating relations between the mean rank order of visual inspection and the density of bright 
regions associated with gloss irregularity; 

Fig. 1 0 is a diagram illustrating relations between the mean rank order of visual inspection and the density of dark 
regions associated with gloss irregularity; 
45 Fig. 11 is a diagram illustrating relations between the lower limit of the areas of dark regions and correlation coef- 
ficients (between the mean of visual inspection and the standard deviation of the areas of the dark regions) in Fou- 
rier transform; 

Fig. 12 is a diagram illustrating relations between the upper limit of the areas of dark regions and conrelation coef- 
ficients (between the mean of visual inspection and the standard deviation of the areas of the dark regions) in Fou- 
so rier transform; 

Fig. 13 is a diagram illustrating relations between emphasis coefficients and correlation coefficients in Fourier 
trareform; 

Fig. 1 4 Is a block diagram showing the structure of a second embodiment; 

Rg. 1 5 is a diagram illustrating relations between the mean area of t>lack regions and the mean rank order of visual 
55 inspection; 

Fig. 1 6 is a diagram illustrating relations between the standard deviation of black regions and the mean rank order 
of visual inspection ; 

Fig, 1 7 is a diagram illustrating relations between the mean rank order of visual inspection and the mean area of 
dark regions; 
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Rg. 18 is a diagram illustrating relations between the mean rank order of visual inspection and the standard devi- 
ation of dark regions; 

Rg. 19 is a diagram illustrating relations between the visual evaluation and the mean area of white regions of an 
emphasized image on mat tone coated paper; 
5 Rg. 20 is a diagram illustrating relations between the visual evaluation and the mean area of black regions of an 
emphasized image on the mat tone coated paper; 

Rg. 21 is a diagram illustrating relations between the visual evaluation and the standard deviation of the areas of 
white regions of an ernphasized image on mat tone coated paper; and 

Rg. 22 is a diagram illustrating relations between the visual evaluation and the standard deviation of the areas of 
10 blad< regions of an emphasized image on the mat tone coated paper. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The emlxxjiments of the present invention will now be described with reference to the acconpanying drawings. 
15 Rg. 1 shows a fundamental structure of an emtxxiiment in accordance with the present invention. 

In Fig. 1 , the reference numeral 1000 designates a camera for acquiring an image of an inspected object. 

The reference numeral 1 100 designates a detecting means for detecting closed regions from the acquired image 
as gloss irregular regions and unevenly printed regions of the inspected object. 

The reference numeral 1 200 designates a first calculating means for calculating each area of the detected closed 
20 regions. 

The reference numeral 1300 designates a second calculating means for calculating each distribution of calculated 
areas, and for outputting the calculated results as the measured results of gloss irregularity and printing unevenness. 

Incidentally, the function of the detecting means 1 100. and the first and second calculating means 1200 and 1300 
is innplemented with the calculation function of an image analyzer as will be described later. 
25 Fig. 2 shows a schematic structure of a gloss irregularity measuring apparatus, to which the present invention s 
applied. 

In Fig. 2. an inspection object 23 is irradiated with light projected from a light source 21 in an image pickup device 
(the acquisition means 1 1 GO in Fig. 1) through a polarization filter 22. The light reflected from the object 23 is received 
by the TV camera 24 through a polarization filter 25. The TV camera 24 converts the received light into image signals 
30 pixel by pixel, thereby outputting them to an image analyzer 20. 

It is preferable for the light source 21 to employ visible monochromatic light or white light in this embodiment. In 
addition, collimated or nearly collimated light is preferable as the incident light onto the surface of the object 23. Other- 
wise, it sometimes becomes difficult to catch the gloss irregularity because it spreads all over the image. The preferable 
angle of incidence is between 15 and 35 degrees, although not restricted within this range. 
35 In this embodiment, it is preferable that the TV camera 24 acquire reflected light with an angle of reflection between 
- 10 - +10 degrees with the above angle of incidence. Out of this range, it becomes drfficult to acquire the regular 
reflected light constituting the main gloss. 

Passing the incident and reflected light through the polarization filters 22 and 25 makes it possible to cut off the dif- 
fused reflected light, and to transmit the regularly reflected light, thereby emphasizing the gloss in'egularity. 
40 The TV camera 24 used in this embodiment refers to a device for acquiring two dimensional (plane) image of the 
object 23, and any device can be employed as long as it acquires changes of brightness and darkness in a plane in 
terms of an electric signal. Although CCD cameras or video cameras, etc. are available on the nrarket, a CCD camera 
is suitable for use because it has a linear relation between the brightness and the electric signal. It is preferable to set 
the focal length of the TV camera such that the resolution measured on the surface of the object becomes 0.5 mm or 
45 less, and the measured area of the object corresponding to the entire image becomes 2x2 mm^ or more. 

One of the distinguished features of the present invention is the analyzing method of the image signal, and the 
image analyzing processing will now be described. 

An image signal associated with an image plane obtained by the TV camera 24. that is, luminance values (in gra- 
dation expression) of individual pixels are stored in a memory of the image analyzer 20. The image signal is then read 
50 by a CPU, and undergoes image analysis in the following processing steps. 


[1] 


(1) Fourier transform of the two-dimensional image is performed. 

CD 00 

F(co)=l^|Je-'"'/(x)dx 

•oo*oo 
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dx= dx^, dx. 


10 


The resuK of the Fourier transform shows the power distribution of respective frequency bands, which is called 
power spectrum. 

(2) An ennphasized Image is obtained, in which the brightness and darkness of the two-dimensional acquired image 
is emphasized, by multiplying by an emphasizing coefficient sections corresponding to particular frequencies per- 
ceivable by naked eyes while carrying out the inverse Fourier transform of the results of the Fourier transform. The 
inverse Fourier transform is expressed by the following expression. 


15 


CO G>1 


iayXr 


[2] 


where co^ is an internal frequency, 02 is an external frequency, a is an emphasizing coefficient, and 
dco = dcojj. doy . 

20 (3) Decision parameters of the gloss irregularity are calculated as follows: Closed regions, which are formed by 
white portions conresponding to bright regions and by black portions corresponding to dark regions in the empha- 
sized image, are detected as gloss irregular regions; the areas of individual detected closed regions, the average 
of the areas, the standard deviation of the areas, the coefficient of variation of the areas, or the number of white or 
black portions per unit area is calculated; and the calculated values are adopted as the decision parameters of the 

25 gloss irregularity corresponding to the inspection evaluation. These pararneters express the degree of gloss irreg- 
ularity (distribution) quantitatively. 

In this context, the white portions and black portions refer to independent closed regions in an image which have 
gradations corresponding to white and black colors. 
30 For reference, expressions for calculating the above-mentioned parameters will be shown t>elow. tt is needless to 
say that the image analyzer for this processing is operated as the detecting means 1 1 00, tiie first calculating means 
1200. and the second calculating means 1300 in Fig. 1. 


35 


40 


45 


Mean: S„=«=l- [3] 


where Si is the area of i-th white or black portion, and n is the number of samples. 


Standard deviation: S„ = 


[4] 


s 

Coefficient of variation: Sy^ [S\ 

The number of samples is the number of white or black portions in the emphasized image divided by the surface 
so area of the object converted into the image (the unit is cm^). that is, the number of samples per unit area. 

It is preferable that tiie particular wavelength range have a lower limit of 0.004 - 2.0 mm. and an upper limit of 2.0 - 
200 mm. If the lower limit is set out of the range 0,004 - 2.0 mm, it deviates from the resolution of human eyes, and 
hence no effective measured values can be obtained. If the upper limit is set out of the range 2.0 - 200 mm, it falls 
beyond the range of human discrimination power, and hence no effective measured values can be obtained. 
55 The emphasizing coefficient in expression (2) is prefierable to be set at 2 - 50. No bipolarization of brightness and 
darkness is obtained if it is less than 2, and the form of irregular portions does not coincide with that of visual observa- 
tion if it ^ beyond 50, so that no effective measured values can be obtained. 

When the above calculation is processed by a computer, two-dimensional image is divided into a pixel assembly, 
and the gradation of individual pixels is input after digitization. 
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In the above-mentioned image analysis and processing, the operation for obtaining the white portions and Wack 
portions by the Fourier transform and inverse Fourier transform of the two-dimensional image can replace the conven- 
tional method in which the regions are determined using a rather arbitrary value called a "Ihreshold". Since the opera- 
tion in accordance with the present invention can set the same conditions for all the samples, highly reproducible and 

5 reliable measured values can be obtained. 

The present method and apparatus for quantitatively measuring the gloss inregularity of inspected objects can pref- 
erably replace the conventional method which employs visual decision of the gloss irregularity of the surfaces of prod- 
ucts. Since the present method does not require arbitrary operation, the result does not depend on the experience and 
judgement of inspectors, thereby providing the feature that the highly. reproducible and reliable quantitative values are 

10 easily obtained. 

Thus, the present invention offers a useful method and apparatus for measuring fine gloss iregularities not only of 
the plain surface or printed surface of coated paper, but also those of products which demand beautiful appearance and 
smoothness such as formed plastic surfaces, various application surfaces, and other surfaces. 

Actually measured results of the gloss Irregularity will be presented for reference. As coated paper samples, com- 
75 mercially available gloss tone high quality coated paper for sheet offset (33 samples of five groups from four types of 
AO - A3) was inspected. 

The measuring apparatus shown in Fig. 2 was used for measuring Ihef ine gloss irregularities of white paper. White 
visible collimated light (produced by a light projection apparatus HT2 of Nikon) Is polarized, and was projected on the 
surface of coated paper at 25 degrees of incidence relative to the normal. The reflected light at 25 degrees with respect 
20 to the normal was caused to pass through a polarization filter with the same phase as that of the incident light, and was 
detected by a CCD camera (CE 75 of SONY). 

The acquired area of the surface of the object per pixel was 40x40 jAm, and the measured area was 10x10 mm. 
Four data points per sample were picked up and the arithmetic mean was adopted. 

The brightness of each pixel was converted Into digital gradation by an A/D converter. The gradation from black to 
25 white was equally divided into 256 levels. The level of black was 0, and that of white was 255. The amount of light was 
set such that the gradation level of the brightest sample of respective groups of coated paper did not reach the level 
255. 

As for the condition of the image analysis (by in^ge analyzer IP-1000: Asahi Ghem. Ind.). the gtoss in^egularlties 

are emphasized by carrying out the two-dimensional Fourier transform on the original image, and by multiplying the par- 
se ticular wavelength range visible to the naked eyes by the emphasizing coefficient. The images before and after the 

emphasis are shown in Fig. 3. In the gradation of the image with its unevenness emphasized, the range 0-1 was 

termed "black portion", and the range 254 - 255 was termed "white portion". 

After Individual areas of black portions (dark portions in the original image) and white portions (bright portions in 

the original image) were calculated, the standard deviations of the areas were calculated. 
35 As for the visual ranking, seven to eighteen spedalists in and out of our company who had been engaged in the 

evaluation of paper qualities decided the rank orders, and their arithmetic means were adopted as the mean rank order 

of visual inspection. The rank order was represented by the integers as 1 , 2, 3. ... in descending order of surface feeling 

In each group. 

The rank orders of visual evaluation of marketed A2 gloss papers (79 g/m^) by 18 inspectors are shown in Fig. 4. 

40 Figs. 5 and 6 show the relations between the mean visual rank orders and the standard deviations of emphasized white 
and black portions which correspond to the gloss irregularity of the coated papers. The emphasized wavelength range 
in this case was 0.4 - 8.0 mm, and the emphasizing coefficient was 10. As shown In Figs, 5 and 6, the correlation coef- 
ficient of the white portions, was r= 0.48. and that of the black portions was r=0.97. In this connection, the correlation 
coefficient between the mean rank order of visual evaluation and the coefficient of variation of the gradation was r=0,72. 

45 and the correlation coefficient between the mean rank order of visual evaluation and the standard deviation of gradation 
was r=-0.35. From these results, it is seen that the visual evaluation of gloss paper are carried out by observing dark 
portions rather than bright portions of the gloss irregularities. Furthermore, it would be considered that the standard 
deviation of the areas of black portions rather than the parameters representing gradation is the controlling factor to vis- 
ual perception. 

50 The relation between the mean rank order of visual evaluation and the mean area per one white or black portion, 
and the relation between that rank order and the number of white or black portions per unit area are shown in Figs. 7 to 
1 0. Very good con-elations were obtained between the mean value of tiie dark portions and the visual evaluation, and 
between the number of black portions per unit area and the visual evaluation. ^ 

A trial was made to specify the boundary conditions of the emphasizing range in the inverse Fourier transform. Rg. 

55 1 1 shows tiie relationships between the correlation coeffident and the lower limit of the range, and Rg. 12 shows the 
relationships between the conelation coefficient and the upper limit of the range. From these two figures, it can be con- 
cluded that the optimum wavelengtii range of the emphasis falls between 0.4 and 8,0 mm. Furthermore, the examina- . 
tion in that range witii an emphasizing coefficient of 5 to 20 confirmed that 10 is best (Fig. 13). 
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The mean areas of black portions and the standard deviations of other kinds of marketed gloss paper for sheet off- 
set were detemriined with the same measuring method, and the correlation coefficients were calculated between these 
values and the mean rank orders of visual evaluation. The results are shown in the following Table 1. The correlation 
coefficients of the standard deviations were 0.90 - 0.97, which shcfws good correlations. The correlation coefficients 
5 associated with the mean area of black portions were 0.89 - 0.97, which also shows good correlations. However, the 
con-elation coefficients associated with the standard deviation showed rather higher values. 


Table 1 


Gloss values of sub-miltimeter region on the white coated paper 

Type 

. AO 

A1 

A2 

A2 

A3 

Basis weight(g/m^) 

128 

128 

128 

79 

70 

Number of samples 

5 

7 

5 

9 

7 

75*" gloss of white paper (%) 

76-83 

72-78 

60-67 

56-71 

47-59 

Ck}rrelatjon coefficients 






with the standard deviation of black portion areas 
with the average areas of black portions 

0.96 
0.97 

0.90 
0.90 

0.95 
0.97 

0.97 
0.97 

0.94 
0.84 

Range 






the standard deviation of black portions (mm^) 
the average areas of black portions (mm^) 

0.21-0.57 
0.10-0.20 

0.24-0.56 
0.12-0.26 

0.30-0.79 
0.18-0.32 

0.31-1.10 
0.17-0.46 

0.46^.76 
0.23-0.32 

The average gradation of the two-dimensional 
images 

83-135 

77-118 

77-123 

74-149 

69-115 


30 

Fig. 14 shows a schematic structure of a measuring apparatus in a second embodiment of the present invention. 

In Fig. 14, light is projected onto an inspection object 123 from light sources 121 and 121* in the image pickup 
device 10 through polarization filters 122 and 122'. 

The light reflected from the object 123 is received by a TV camera 124 through the polarization filter 125. The TV 
35 camera 124 converts the received light into image signals, pixel by pixel, and outputs them to an Image analyzer 120. 

It is preferable that the light source 121 of this embodiment use visible monochromatic light and white light. The 
light incident onto the surface of the object 123 may be either collimated or diffused light, and not specifically limited. In 
this embodiment, it is preferable that the TV camera 1 24 receive the diffused reflected light. The diffused reflected light 
is transmitted, but the regularly reflected light is cut off, when the reflected light passes through a polarization filter 125 
40 whose phase differs by 90 degrees from that of the polarization filters 122 and 122* (which have the same phase) for 
the incident light This will further enphasize the printing unevenness. 

The TV camera 124 employed in this embodiment refers to a device for acquiring two-dimensional (plane) Image 
of the object 1 23. Any device can be used as long as it can pick up ch&nges of printing unevenness in the plane, thereby 
producing electric signals. Among the marketed products, there are CCD cameras and video cameras, but the CCD 
45 camera is preferable because it has the linear relation between the brightness and the electric signal. It is desirable to 
select the focal length of the TV camera so that the resolution falls below 0.5 mm in terms of the size on the surface of 
the object, and the measured area of the object corresponding to the whole image is more than 2x2 mm. The image 
analysis in this embodiment is performed by Fourier analysis using expression (1) as in the first embodiment. More spe- 
cifically, the image signal associated with one plane acquired by the TV camera, namely, the luminance values 
50 (expressed in terms of gradation) for individual pixels are stored in the memory in the image analyzer 120. Then, they 
are read by the CPU to undergo the image analysis in the following steps. 

(1) The two-dimensional image is Fourier transformed using expression (1 ). ^ , 

The result of the Fourier transform shows the power distribution of respective frequency bands, and is called 
55 power spectrum. 

(2) An emphasized image is obtained, in which the light and dark portions are emphasized in the acquired two- 
dimensional image, by multiplying the emphasizing coefficient by portions corresponding to the particular wave- 
length range that can be perceived by naked eyes, when the Fourier transformed image is inversely transformed 
using the above mentioned expression [2]. 
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(3) Closed regions, which are formed by white portions corresponding to bright regions and by black portions cor- 
responding to dark regions In the emphasized image, are detected as gloss irregular regions; the areas of incfivid- 
ual detected closed regions, the average of the areas, the standard deviation of the areas, the coefficient of 
variation of the areas, or the number of white or t>lad^ portions per unit area is calculated: and the calculated values 
5 are adopted as the decision parameters of the gloss in-egularity corresponding to the Inspection evaluaton. These 
parameters express the degree of gloss irregularity (distribution} quantitatively 

In this context, the white portions and black portions refer to independent closed regions in an image which have 
gradations oorresponding to white and black colors. 
70 If the closed region has a narrow part, an operation may be added to separate the image at that part. 

The atKJve-mentioned expressions (3) - (5) are used to calculate the parameters. As for the special range of the - 
wavelength, it is preferable that the particular wavelength range have a lower limit of 0.004 - 2.0 mm, and an upper limit 
of 2.0 - 200 mm. If the lower limit is set out of the range 0;004 - 2.0 mm. it deviates from the resolution of human eyes, 
and hence no effective measured values can be obtained. If the upper limit is set out of the range 2.0 • 200 mm. it falls 
15 beyofKl the range of human discrimination power, and hence no effective measured values can be obtained. 

In the second embodiment, the emphasizing coefficient in expression (2) is preferable to be set at 2 - 500. No bipo- 
larization of brightness and darkness Is obtained if h is less than 2, and the form of irregular portions does not coincide 
with that of visual observation if K exceeds 500. so that no effective measured values can be obtained. A more prefer- 
able range 30 - 3O0. 

20 When the above calculation is processed by a computer, two-dimensional image is divided Into a pixel assembly, 
and the gradation of individual pixels Is Input after digitization. 

In the above-mentioned image analysis and processing, the operation for obtaining the white portions and black 
portions by the Fourier transform and inverse Fourier transform of the two-dimensional image can replace the conven- 
tional method in which the regions are determined using a rather arbitrary value called a '^reshold". Since the opera- 

25 tion in accordance with the present invention can set the same conditions for all the samples, highly reproducible and 
reliable measured values can be otitained. 

The present method and apparatus for quantitatively measuring the printing unevenness of insp>ected objects can 
preferably replace the conventional method which employs visual decision of the printing unevenness of the surfaces 
of products. Since the present method does not require arbitrary operation, the result does not depend on the experi- 

30 ence and judgement of inspectors, thereby providing the feature that the highly reproducible and reliable quantitative 
values are easily obtained. 

Thus, the present invention offers a useful method and apparatus for quantitatively evaluate printing unevenness 
not only of the coated paper, but also those of products which demand printability of surfaces such as formed plastic 
surfaces; various application surfaces, and other surfaces. 

35 Actually measured results of the printing unevenness will be presented for reference. The samples of printed 
coated paper were prepared as follows: First, commercially available A2 size gloss tone high quality coated paper for 
sheet offset (basis weight was 127.9 g/m^, and 10 samples were used); Then, multicolored halftone portions were 
inspected which had been printed by a four-colored unit type printer. 

The measuring apparatus shown in Fig. 14 was used for measuring the printing unevenness of the printed coated 

40 paper White visible light is polarized, and was projected on the surface of the printed coated paper at 45 degrees of 
incidence relative to the normal. The reflected light at 0 degree with respect to the normal was caused to pass through 
a polarization filter with a phase different by 90 degrees from that of the incident light, and was detected by a CCD cam- 
era (CE-75 of SONY). 

The acquired area of the surface of the object per pixel was 100x100 ^im, and the measured area was 25x25 mm. 
45 Four data points per sample were picked up and the arithmetic mean was adopted. 

The brightness of each pixel was converted into digital gradation by an A/D converter. The gradation from blad^ to 
white was equally divided into 256 levels. The level of black was 0. and that of white was 255. The amount of light was 
controlled such that the gradation levels of the samples of the printed coated paper did not reach the gradation level 
255. 

so As for the condition of the image analysis (by image analyzer IP-1000: Asahi Chem. Ind.), the unevenness of the 
image is emphasized by canrying out the two-dimensional Fourier transform on the original image, and by multiplying 
the particular wavelength range visible to the naked eyes by the emphasizing coefficient. In the gradation of the image 
with its unevenness emphasized, the range 0-1 was termed *l3lack portion", and the range 254 - 255 was terrfied "white 
portion". After individual areas of black portions (dark portions in the original image) and white portions (bright portiorrc 

55 in the original image) were calculated, the mean area and the standard deviation of the areas were calculated. 

As for the visual ranking, twelve specialists In and out of our company who had been engaged in the evaluation of 
paper qualities decided the rank orders, and their arithmetic means were adopted as the mean rank order of v'sual 
inspection. The rank order was represented by the integers as 1 . 2, 3, ... in descending order of the printing unevenness 
in each group. 
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The rank orders of visual evaluation of the halftone portions by 12 inspectors are shown in Table 2, the halftone por- 
tions being printed in multicolor on niarketed A2 gloss papers. Fig. 15 shows the relations between the mean rank order 
of visual evaluation and the mean areas of the emphasized black portions corresponding to the printing unevenness of 
the coated paper. In this case, the emphasized wavelength range in the inverse Fourier transform was 1.2 to 6.2 mm, 
5 and the emphasizing coefficient was 160. As clearly seen from Fig. 15. the correlation coefficient was r=0.95. Fig. 16 
shows the relations between the mean rank orders of the visual evaluation and the standard deviations of the areas of 
the black portions. There is a very high correlation between the distribution of tine areas of tiie black portions and the 
visual evaluation. 

Similar measurements were carried out witii the printed matters of nnarketed AO to A3 size coated paper for sheet 
10 offset, in which the printing unevenness of the monochromatic halftone portions of Chinese black, indigo, or crimson 
was measured using an enphasized wavelength range of 0.8 - 4.0 mm, and an emphasizing coefficient of 80 - 240. 
Thus, the mean areas of the black portions and their standard deviations were obtained. The correlation coefficients 
between these values and the mean rank orders of the visual evaluation were calculated, and its results are shown in 
Tables 3 - 5. 

15 


Table 2 


Visual evaluation of printing unevenness on coated paper (A2) - halftone region of mul- 
ticolor printing - 

Sample 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Mr. A 

1 

9 

3 

2 

4 

8 

7 

6 

5 

10 

Mr. B 

1 

7 

3 

2 

5 

8 

6 

9 

4 

10 

Mr.C 

1 

8 

3 

2 

4 

9 

7 

5 

6 

10 

Mr. D 

2 

7 

5 

1 

4 

10 

9 

3 

8 

8 

Mr. E 

1 

7 

3 

2 

5 

9 

8 

6 

4 

10 

Mr. F 

1 

6 

3 

2 

5 

8 

9 

7 

4 

10 

Mr.G 

2 

8 

1 

3 

7 

5 

9 

4 

8 

10 

Mr. H 

2 

5 

3 

1 

4 

9 

8 

6 

7 

10 

Mr. 1 

3 

4 

1 

2 

9 

7 

6 

5 

8 

10 

Mr J 

1 

8 

4 

2 

3 

7 

9 

6 

4 

10 

Mr. K 

1 

7 

3 

2 

4 

10 

8 

6 

5 

9 

Mr. L 

1 

6 

4 

2 

3 

10 

8 

7 

5 

9 

Average 

1.42 

6.83 

3.00 

1.92 

4.75 

8.33 

7.83 

5.83 

5.58 

9.50 

1-10 = good — >bad 


45 


60 


55 


11 


EP 0 726 456 A1 


Tables 


Correlation betwe^ visual evaluation and measured values of printing unevenness (monochro- 

nnatic Chinese black halftone portion) 


AO 

A1 

A2 

A3 

Basis weightCgAxf ) 

127.9 

127.9 

79.1 

79.1 

Nunnber of samples 


5 

9 

8 

Correlation coefficients 





with the average areas of black portions 

0.93 

0.96 

0.94 

0.95 

with the standard de\/iations of the areas 
of black portions 

0.93 

0.94 

0.95 

0.95 

Equivalent circle diameter of black por- 
tions (mm) 

0.44-0.54 

0.43-O.59 

0.52-0.65 

0.54-0.62 


20 


Table 4 



Correlation between visual evaluation and measured values of printing unevenness (monochromatic 

25 

indigo halftone portion) 





Type 

AO 

A1 

A2 

A3 


Basis weight(g/m2) 

127.9 

127.9 

79.1 

79.1 

30 

Number of samples 

6 

5 

9 

8 

Correlation coefficients 






with the average areas of black portions 

0.97 

0-97 

0.92 

0.94 


with the standard deviations of the areas of black 

0.93 

0.88 

0.90 

0.93 

35 

portions 






Equivalent circle diameter of black portions (mm) 

0.54-0,64 

0.53-0.64 

0.52-0.60 

0.56-0.64 


40 

Tables 



Correlation between visual evaluation and measured values of printing unevenness (monochromatic red 

45 

halftone portion) 




Type 

AO 

A1 

A2 

A3 


Basis weight(g/m2) 

127.9 

127.9 

79.1 

79.1 


Number of samples 

6 

5 

9 

8 

SO 

Correlation coefficients 






with the average areas of black portions 

0.89 

0.97 

0.94 

0.93 


with the standard deviations of the areas of black 

0.80 

0.94 

0.92 

0.92 \ 


portions 





55 

Equivalent circle diameter of black portions (mm) 

0.41-0.45 

0.49-0.58 

0.48-0.59 

0.49-0.56 
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The above mentioned measured results were obtaned from the gloss tone coated paper with a high gloss value of 
about 45 to 85 %. The present invention can be appfied to other kinds of papers. For example, the present invention can 
be applied to a paperboard. Rg. 17 shows measured results thereof, that is. the relatonships between the mean area 
of the black portions and the mean rank order of visual evaluation. Fig. 18 shows the relationships between the stand- 
5 ard deviation of the blad^ portion areas and the mean rank order of visual evaluation. Referring to Figs. 17 and 18. it 
can be seen that there are correlations between the mean rank order of the visual evaluation and the mean area or the 
standard deviation of the dark areas. It is also shown that the data associated with the dark portions are preferable in 
the case of paperboard. In this case, the emphasized wavelength range was 0.5 - 20.0 mm. and the emphasizing coef- 
ficient was 10. 

70 In this connection, it is known that there are two kinds of coated papers: gloss tone coated paper with a high gloss 
value (at>out 45% - 85 %); and mat tone coated paper with a low gloss value (atx3ut 0 to 30%). With the gloss irregularity 
of an image acquired by picking up the glc^ tone coated paper, rt has already been mentioned referring to Figs. 5 arKi 
6 that the Image data in the dark portions (black portions) have higher correlation with the visual evaluation than the 
image data in the bright portions (white portions). With this in mind, the mat tone coated paper is examined, and its 

15 results are as shown in Figs. 19 and 20. Fig. 19 shows the relations between the mean area of the closed regions of 
the white portions and the rank orders of the visual evaluation, whereas Fig. 20 shows the relations between the mean 
area of the closed regions of the black portions and the rank orders of the visual evaluation. According these results, 
the correlation coeffident (the values of r) in white portion data is larger than the coefficient in the black portion data. 
As a result, it is seen that the white portion data is better for the calculation of distribution in case the of mat tone coated 

20 paper. Thus, to obtain good measured results according to the kind of coated papers, users are requested to designate 
any one of gloss tone coated paper, mat tone coated paper and papertx)ard from the key board of the image analyzer 
120. The CPU in the image analyzer 120 calculates the areas and the distribution of areas using the image data of 
closed black portions or the closed white portions in accordance with the kind of paper designated from keyboard. 
In the above examples, the rriean area of dosed regions and the standard deviation of the areas were used inde- 

25 penderrtly as the data showing the distribution of areas. However, it was found that the degree of gloss irregularity and 
printing unevenness can better be shown by using the product of the mean of the areas of the closed regions and the 
standard deviation of the areas (the mean area of dosed regions x the standard deviation) as the measure expressing 
the gloss irregularity and printing unevenness. 

Tables 6 - 8 show the correlation coefficients between the mean rank orders of visual evaluation and the following 

30 values: that is. the mean areas, the standard deviations, and the products of the mean areas and their standard devia- 
tions. Changes of these data are shown when gloss papers with different gloss values were examined. Table 7 shows 
the changes of the above data when the printing unevenness of monochromatic Chinese black halftone portions were 
tested. Table 8 shows the changes of the above data when the printing unevenness of monochromatic crimson halftone 
portions were tested. 

35 


Tables 


Gloss values of gloss tone coated paper 

Grade 

AO 

Al 

A2 

A2 

A3 

Basis weight (g/m^) 

128 

128 

128 

79 

70 

Number of samples 

5 

7 

5 

9 

7 

Gloss on white paper(%) 

76-83 

72-78 

60-67 

56-71 

47-59 

Correlation coefficient 






with standard deviation black portion areas 

0.96 

0.90 

0.95 

0.97 

0.94 

with the average of black portion areas 

0.97 

0.90 

0.97 

0.97 

0.89 

with black portions (areaxstandard deviation) 

0.98 

0.97 

0.98 

0.96 

0.94 

with standard deviation of gradation 

0.03 

0.63 

0.42 

0.35 

0.64 

with coefficient of variation of gradation 

0.88 

0.59 

0.86 

0.72 

0.85 

Range 






Standard deviation of black portion areas (mm^ 

0.21 -0.57 

0.24-0.56 

0.30-0.79 

0.31-1.10 

0.46-0.76 

Average of black portion areas (mm^) 

0.10-O.20 

0.12-0.26 

0.18-0.32 

0.17-0.46 

0.23-0.32 

Equivalent circle diameter of black portions (mm^) 

0.35-0.50 

0.39-0.58 

0.48-0.64 

0.47-0.77 

0.54-0.64 
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Table? 


Type 

AO 

A1 

A2 

A3 

Average of black portion areas 

0.93 

0.95 

0.88 

0.95 

Standard deviation of black portion areas 

0.92 

0,94 

0.81 

0.95 

Product of average and deviation 

0.9o 


Q.Bo 

0.95 

Average of white portion areas 

0.59 

0.91 

0.90 

0.81 

Standard deviation of white portion areas 

0.44 

0.87 

0.87 

0.70 

Product of average and deviation 

0.53 

0.90 

0.92 

0.76 

Coefficient of variation of gradation 

0.70 

0.95 

0.20 

0.26 

Standard deviation of gradation 

0.71 

0.95 

-0.40 

0.38 

Equivalent circle diameter of black portion (mm) 

0.44-0.54 

0.43-0.59 

0.48-0.59 

0.54-0.62 


Tables 


Type 

AO 

A1 

A2 

A3 

Average of black portion areas 

0.89 

0.97 

0.91 

0.86 

Standard deviation of black portion areas 

0.80 

0.94 

0.80 

0.94 

Product of average and deviation 

0.87 

0.98 

0.89 

0.91 

Coefficient of variation of gradation 

0.90 

0.30 

-0.08 

0.05 

Standard deviation of gradation 

0.77 

0.06 

0.10 

0.10 

Equivalent drcie diameter of black portions (mm) 

0.41-0.45 

0,49-0.58 

0.49-0.54 

0.42-0,49 


35 


Therefore, in the image analyzer 120. the products of the mean areas of the closed regions and their standard devi- 
ations are calculated by the CPU. The values themselves may be regarded as the measured values, or the values are 
40 converted into levels 1-10. and its results are adopted as the measured results. 
In addition to this embodiment, the following example can be implemented. 


(1) Although the processings in the first and second emkx)diments have been explained as far as the measurement 
of the gloss irregularity and printing unevenness, the appearance inspection can also be achieved automatically 

45 using these measurement results. In this case, the presence and absence of defects is detected by comparing the 
measured parameter values with a predetermined threshold. It is recommended to show the emphasized image on 
a display in addition to the inspected results. 

(2) The following methods can be used for visually outputting the measured results of the gloss irregularity and . 
printing unevenness. 

50 

(a) The calculated results can be numerically output with a display or a printer. 

(b) The calculated results can be graphically output with a display or a printer 

(c) The degree of the gloss irregularity or printing unevenness can be converted into numerical values by 
numerical processing using a plurality of parameters. In conrespondence with these values, messages such as 

55 large", "medium", or "small" expressing the degree of gloss irregularity or printing unevenness may be dis- 

played. 

(3) Conventional techniques can be used to detect closed regions. The foregoing embodiments described its exam-, 
pie, which counts the number of pixels in the black portions and the white portions in an emphasized inrage to 
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detect the closed regions in the image, thereby obtaining the areas of these portions. The black portions are 
defined as regions with gradation levels of 0 and 1 . whereas the white portions are defined as regions with grada- 
tion levels of 254 and 255. Another method can also be t^ed to detect closed regions and calculate their areas. In 
this method, contour lines are extracted out of the emphasized image using the well-known counter line extraction 
5 processing, and the areas of the closed regions are obtained by counting the number of pixels Inside the contour 
line. 

(4) If rt Is necessary to make dear the boundary of regions of gloss irregularity or printing unevenness. it Is recom- 
mended to display the closed regions with their contours emphasized. 

10 INDUSTRIAL APPLICABILITY 

In the first, second and third aspects of the present invention, the accuracy of measurement is increased by grasp- 
ing the printing unevenness in the form of the dosed regions In the acquired image, and by expressing the degree of 
distribution of the areas of the closed regions in terms of. for example, the mean area, the standard deviation, the coef- 

75 f icient of variatioa the number of white portions or dark portions per unit area, or the product of the mean area and the 
standard deviation. In particular, the mean area, the standard deviation and the product of the mean area and the stand- 
ard deviation are preferable as a quantified value of the visual evaluatbn. 

In the fourth aspect of the present invention, the inspection object is paper, and the degree of printing unevenness 
of printed portions on the paper is determined by the image processing. 

20 In the fifth aspect of the present Invention, the measurement of the printing unevenness of the gloss tone coated 
paper, mat tone coated paper and paperboard becomes possible. A quantified value is preferable to represent the 
degree of printing unevenness in halftone areas of the inspection object. Above all, it is preferable that the dark regions 
be detected as regions representing the printing unevenness in the gloss tone coated paper, mat tone coated paper and 
paperboard. 

25 In the sixth aspect of the present invention, in addition to any one of the first, third, and fourth aspects of the present 
invention, the accuracy of measurement of printing unevenness is increased by emphasizing the brightness and dark- 
ness of the acquired image. 

In the seventh aspect of the present invention, tiie measured result of printing is obtained by calculating the image 
areas of either the bright or dark portions which form the closed regions. 

30 In the eighth aspect of the present invention, besides the seventh aspect of the present invention, transmitting only 
the diffused reflected light to the image pickup device can increase the accuracy of measurement of printing uneven- 
ness. This Is because the inspection of the printing unevenness is carried out by observing the ink density, or nrore pre- 
cisely, the unevenness of dot density, which depends on the diffused reflected light from the surface of the printed 
paper. Inddentally. the fine gloss irregularities of the coated paper are due to the regularly reflected light. Thus, tiiis dif- 

35 fers from tiie gloss irregularity due to the diffused reflected light, which causes the printing unevenness. 

In the ninth aspect of the present invention, the accuracy of measurement of tiie gloss irregularity is Increased by 
expressing the degree of tine gloss In-egularity by tiie product of the mean area and the standard deviation of the areas 
of the closed regions derived from the acquired image. It is preferal)le to adopt the mean area, the standard deviation 
and the product of the mean area and tiie standard deviation as a quantified value corresponding to tiie visually 

40 observed result of tiie gloss irregularity. 

In the tenth aspect of the present invention, the inspection object is the mat paper, and the desirable accuracy of 
the measurement of tiie gloss irregularity of the mat paper is obtained by calculating the areas of the bright portions 
forming the closed regions. 

In the eleventh aspect of the present invention, the object of Inspection is the paperboard. and the desiralDle accu- 
45 racy of measurement of the gloss irregularity on the paperboard is obtained by calculating the areas of the dark portions 
forming the closed regions. It is preferable with the gloss tone coated paper and papert>oard to detect the dark portions 
as regions representing gloss irregularity, whereas with the mat coated paper, the bright portions. 

In tiie twelfth aspect of the present invention, besides the tenth or eleventh aspect of tiie present Invention, the 
accuracy of measurement of tiie gloss irregularity Is increased by expressing the degree of the gloss irregularity by the 
so mean area, or the standard deviation of the areas. 

In the thirteenth asped of the present Inverrtion, the accuracy of measurement of the gloss irregularity is inaeased 
by selecting the data of ttie closed regions of either the bright portions or the dark portions in accordance with the kind 
of paper. 

In ttie fourteenth aspect of tiie present invention, besides tiie thirteenth aspect of the present inverition. tiie meas- 
55 urement of the gloss irregularity Is possible with the gloss tone coated paper, mat tone coated paper and papertx)ard. 
In the f ifteentii aspect of tiie present invention, besides tiie fourteenth aspect of the present invention, the accuracy 
of measurement of the gloss in^egularity is Inaeased by using tiie image data of the dosed regions in the dark portions 
for the gloss tone coated paper 
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In the sixteenth aspect of the present invention, besides the fourteenth aspect of the present invention, the accu- 
racy of measurement of the gloss irregularity is increased by using the image data of the closed regions In the bright 
portions for the mat tone coated paper. 

In the seventeenth aspect of the present invention; besides the fifteenth aspect of the present invention, the accu- 
5 racy of measurement of the gloss irregularity is increased by using the image data of the closed regions in the dark por- 
tions for the papert)oard. 

In the eighteenth aspect of the present invention, besides any one of the ninth, tenth and eleventh aspect of the 
present invention, the accuracy of measurement of the gloss irregularity is increased by emphasizing the brightness 
and darkness of the acquired image. 

10 

Claims 

1. A measuring method of printing unevenness acquiring an image of an inspection object with an Image pickup 
device, said measuring method characterized by comprising the steps of: 
75 detecting, In an acquired image, bright regions or dark regions forming closed regions, said closed regions 

being considered to represent printing unevenness of said inspection ot^ect, wherein the step is canied out by an 
image analyzer; 

obtaining areas of said closed regions; 
calculating a distribution of said areas; and 
20 adopting a result of the step of calculating as a quantified value of measured results of the printing uneven- 

ness. 


2. The measuring . method of printing unevenness as claimed in daim 1 , characterized in that said distrSxition of said 
areas is a mean of said areas or a standard deviation of said areas. 

25 

3. A measuring method of printing unevenness acquiring an image of an inspection object with an inrage pickup 
device, said measuring method characterized by comprising the steps of: 

detecting, in an acquired image, bright regions or dark regions forming closed regions, said closed regions 
being considered to represent printing unevenness of said inspection object, wherein the step is carried out by an 
30 inriage analyzer; and 

calculating a product of a mean area of said closed regions and a standard deviation of areas of said closed 
regions as a qualified value representative of the printing unevenness. 

4. A measuring method of printing unevenness acquiring an image of a surface of paper with an image pickup device, 
35 said measuring method characterized by comprising the steps of: 

detecting, in an acquired image, bright regions or dark regions forming closed regions, wherein the step is 
carried out by an image analyzer; 

obtaining areas of said closed regions; 
calculating a distribution of said areas; and 
40 adopting a result of the step of calculating as a quantified value representing the printing unevenness. 

5. The measuring method of printing unevenness as claimed in daim 4, characterized in that a kind of said paper is 
one of gloss tone coated paper, mat tone coated paper and a paperbeard. 

45 6. The measuring method of printing unevenness as claimed in any one of claims 1 . 3 and 4, further characterized by 
conprising the step of emphasizing brightness and darkness of the acquired image in detecting the bright regions 
or the dark regions forming said closed regions. 

7. A measuring apparatus of printing unevenness characterized by comprising: 
so image pldaip means for acquiring an image of an Inspection object; 

detecting means for detecting, in an acquired image, bright regions or dark regions forming closed regions, 
said closed regions being considered to represent printing unevenness of said inspection object; 
area obtaining means for obtaining areas of said closed regions: 

calculating means for calculating a distribution of said areas, and for outputting a calculating result as a 
55 measured result of the printing unevenness. 

8. The measuring apparatus as claimed in claim 7, characterized by further comprising a polarization filter which 
transmits only a diffused reflected light from said inspection object to said acquiring means. 
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9. A measuring method of gloss irregularity acquiring an image of an inspection object with an image pickup device, 
said measuring method characterized by comprising the st^ of: 

detecting, in the acquired image, bright regions or dark regions forming closed regions, said dosed regions 
being considered to represent gloss irregularity of said inspection object, wherein the step is carried out by an 
image analyzer; and 

calculating a product of a mean area of said closed regions and a standard deviation of areas of said dosed 
regions as a qualified value representative of the gloss irregularity. 

10. A measuring method of gloss irregularity acquiring an image of a surface of mat paper with an image pickup device, 
said measuring method characterized by comprising the steps of: 

detecting, in an acquired image, bright regions forming closed regions, said closed regions being considered 
to represent gloss irregularity of the surface of said mat paper; 
obtaining areas of said closed regions; 
calculating a distribution of said areas; and 

adopting a result of the step of calculating as a quantified value representing said gloss irregularity, 
wherein said steps are carried bout by an image analyzer. 

11. A measuring method of gloss irregularity acquiring an image of a surface of a paperboard with an image pickup 
device, said measuring method characterized by comprising the steps of: 

detecting, in an acquired image, dark regions forming closed regions, said closed regions being considered 
to represent gloss irregularity of the surface of said paperboard, wherein the step is carried out by an image ana- 
lyzer; 

obtaining areas of said closed regions; 
calculating a distribution of said areas; and 

adopting a result of the step of calculating as a quantified gloss irregularity. 

1 2. The measuring method of gloss irregularity as claimed claim 1 0 or 11 . characterized in that said distribution of said 
areas is a mean area or a standard deviation of said areas. 

1 3. A measuring method of gloss inregularity acquiring an image of a surface of paper with an image pickup device, and 
carrying out information processing on an acquired image with an image analyzer, thereby adopting a result of the 
information processing as a measuring result of the gloss inregularity, said measuring method characterized by 
comprising the step of: 

providing said image analyzer with information on a kind of the paper for determining which one of bright 
regions and dark regions of the acquired image is to be employed. 

detecting, in the acquired image, closed regions of one of said bright regions or dark regions in accordance 
with the kind of said paper, wherein the step is carried out by said analyzer; 

obtaining areas of said closed regions; 

calculating a distribution of said areas; and 

adopting a result of the step of calculating as a quantified gloss irregularity. 

14. The measuring method of gloss inegularrty as claimed in claim 1 3. characterized in that a kind of said paper is one 
of gloss tone coated paper, mat tone coated paper, and a paperboard. 

15. The measuring method of gloss irregularity as claimed in claim 14, characterized in that said closed regions are 
dark regions of said acquired image in said gloss tone coated paper. 

16. The measuring method of gloss irregularity as claimed in claim 14, characterized in that said closed regions are 
bright regions of said acquired image in said mat tone coated paper. 

17. The measuring method of gloss irregularity as claimed in claim 14. characterized in that said closed regions are 
dark regions of said acquired image in said paperboard. ^ 

18. The measuring method of gloss irregularity as daimed in any one of claims 9, 10, 1 1 and 13, characterized by fur- 
ther conprising the step of emphasizing brightness and darkness of the acquired image in detecting said bright 
regions or dark regions which form said closed regions. 


EP 0 726 456 A1 



Ll! 


:18 


EP 0 726 456 A1 



\ 


19 


EP 0 726 456 A1 



20 


EP 0 726 456 A1 


10- 

e 

6 ■ 
4 

2 


^ O 
CO 

o 

M 
Pi 
H 
Pi 


SAMPI.E t 
AVERAGE 1.72 
RANK 

0.18 


SAHPZiE 2 
2.72 

0-50 


h-m n 


SAMPIiE 3 
3.78 

0.46 


d 


n 


o 

H 

8 


SAHPXiE 4 
4.SO 

0.31 


SAHPIiE S 
4.S8 

047 


SAMPIiE 6 

s.oe 

0.34 


n. 


n 


14 


SAMPLE 7 
6.69 

0.4O 


SAMPZiE e 
7.22 

0.24 


SAHPi:.E 9 
8.69 

O.I4 


ird 


123456789 123456789 123456789 

RZ^NK ORDER OF VISUAL 
EVALUATION 


FIG. 4 


21 


EP 0 726 456 A1 


H 
H 


o 
o 

H 

H 
> 

Q 
Q 


CO 


O 
H 

Pi 
O 


1.0 


0.8 


0.6 


0.4 


0.2 



r 

» -0.48 

o 



o 



o 


o 


O 


o 



o 
o 

1 1 1 

O 

1 

1 3 5 

7 

9 

AVERAGE RANK 

ORDER 

OF 


VISUAL EVALUATION 


FIG. 5 


22 


EP0 726 456A1 



FIG. 6 


23 


EP 0 726 456 A1 


K 
O 
H 

ei 
n 

o 


< o 

H 
H EH 

I 


0.5 


0.4 


0.3 


0.2 


O.I 


f «-0.24 


1 


AVERAGE RANK ORDER OF 
VISUAL EVAIiUATZON 


FIG. 7 


24 


EPO 726 456 A1 



FIG. 8 


r25 


EP 0 726 456 A1 


200 


175 


150 


125 


100 


75 



r--0.17 

o 


o ° 



OO 

- o o ° 



O 

1 . 1 L- 

1 1 


1 


AVERAGE RANK ORDER OF 
VISUAL EVAIiTTATION 


FIG. 9 


EP0726456A1 



.27 


EP 0 726 456 A1 


H 
H 
U 
H 

H 
O 
U 


O 
H 

< 

H 
Pi 
Pi 
O 
U 


l.OO 


0.96- 


0.92 - 


0.88 - 


0.84- 


0.80 


0 0.2 0.4 0.6 0.8 1.0 
LOWER LIMIT OF DARK PORTIONS (mm) 



FIG.1 1 


\ 


28 


EP0726 456A1 


E4 

pa 

H 

u 

H 
b 

H 
O 
U 

!3 
O 
H 

H 
Pi 

fi 
o 
u 


1.00 


0.96 - 


0.92 


0.88 - 


0.84 - 


0.80 



0 4.0 8.0 12.0 16.0 20.0 
UPPBR IiIMIT OP DARK PORTIONS (xnm) 


FIG. 12 


29 


EP 0 726 456 A1 


SS 
H 
H 
U 
H 
▻i 
Pti 
H 
O 
O 

O 
H 

< 

H 
Pi 
« 
O 
U 


1.00 


0.96- 


0.92- 


0.88 - 


0.84- 


O.80 



5 10 
EMPHASIZING 


15 20 
COEFFICZENT 


FIG. 13 


\ 


EP 0 726 456 A1 



31 


EP 0 726 456 A1 



FIG. 15 


32 


EP 0 726 456 A1 


0.7 


o 
o 

H 
El 

> 
H 
Q 

Q 


CO 

< 

o 

H 

(Hi 
o 

04 


El 
CO 



AVERAGE RANK ORDER OF 
VISUAL EVALUATION 


FIG .16 


33 


M . EP0 726 456A1 


O 



AVERAGE AREA OF DARK 
PORTIONS (xnm2 ) 


34 


EP 0 726 456 A1 



35 


EP0 726 456 A1 


0.5 


0.4 


WHZTS PORTXONS 
(r=0.89) 


i 

0.1 


8 


O 1 


AVERAGE RANK ORDER OF 
VISUAL EVAZiUATXON 


FIG. 19 


36 


*1 


EP 0 726 456 A1 


0.5 


BLACK PORTIONS 
(r=0.08) 


0.4 


g 0.2 
0.1 


o o 
o 


1 


AVERAGE RANK ORDER OF 
VISUAL EVALUATION 


FIG .20 


\ 


:37 


EP 0 726 456 A1 


1.2 


o 

1.0 

o 

H ^ 

H i 0.8 

> 

pa 

Q CO 

g I 0.6 

% 

g 0.4 


0.2 




WHITE PORTIONS 
(r=0.90) 



q/^ o 


o 

o >^ 

/ o 
o 

o 

1 

1 

1 I I 


1 


AVERAGE RA17K ORDER OF 
VISUAL EVALUATION 


FIG .21 


EP 0726 456 A1 


1.2 


1.0 


O 
O 

H ^ 

> l 0.8 

^ *«: 

« 0.6 


BLACK 
PORTIONS 
(rs0.20) 


El 


0.4 


0.2 


13 5 7 

AVERAGE RANK ORDER OF 
VISUAL EVALUATION 


FIG. 22 


09 


EP 0 726 456 A1 


INTERNATIONAL SEARCH REPORT 

International application Ho. 

PCT/JP94/01795 

A. CL-ASSmCATION OF SUBJECT MATTER 

Int. Cl^ G01N21/89, 21/57 
Aooordiog to lateroational Patent aassincatton (IPQ or to both national dassification and IPC 


MiaimutD documcoutioD searched (dassincattoo cyscem rollowed by dassincatioo symbols) 

Int. Cl5 G01N21/85-2I/89, 21/57 

Documcoudon searched other ihaa mioimuai documeoutioo to the cxtcol that such docuoests are ioduded io the fields searched 

Jitsuyo Shtnan Koho 1926 - 1994 
Kokai Jitsuyo Shinan Koho 1971 - 1994 

Electronic dzu base coosulted duiiog the intcroatiooal search . tmc of dau base sod, where prscUcabtc, search terms used) 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category' 

Citation of document, with indication, where appropriate, of the relevant passages 

Relevant to daim No. 

A 

JP, A, 1-245364 (Toshiba Corp.), 
September 29, 1989 (29. 09. 89), 
(Family: none) 


1 

A 

JP, A, 61-217708 (Nippon Paint Co., Ltd.), 
September 27, 1986 (27. 09. 86), 
(Family: none) 

1 

A 

JP, A, 2-271211 (Nissan Motor Co., Ltd.), 
November 6, 1990 (06. 11. 90), 
(Family: none) 

1 

I 1 Further documents arc listed in the continuation of Box C. 

1 1 Sec latent family annex. 


* Spcdal categories of cited docufficots: 

*'A** documcDt defifting the ^Dcnl state of the art which is not ooasidercd 

to be of particular releva&ce 
"E" earlier dooitnem but published ooorafter the iotcmatiooal filing dale 
"L" docutDcat which may throw doubts oo priority daiti](s) or wbtdi is 

died Co csublisb the puUtcaiioo date of aoother ciutioD or other 

special reasoo (as specified) 
"X)" documeal referring to an oial disdosutc, use. cxhibiitoo or other 

meatis 

"P" docuioeot publtsbed prior to the ioteniatioDal flliog date but later tbao 
the priority date daimed 

"T*" later docBiDCDi published a f icr ibe to lentatio aal Gliogdateorprioriijr 
date sod ool in ooaflict with the applicatioD but cited to uoderstaod 
Ibe priodpteor theory uoderlyiag the inveotioo 

**X** docomeDt of particular rclevaace; the claimed iDveaiJoo caaoot be 
considered oovd or caniwi be cootsidered to iovolvc an iovcative 
step when the documcot is ukcn akoc 

doouDcot of particular rclevaoce; the daimed ioveotioo caaoot be 
coaiidered to tovolvt an ioveotive step when the document is 
combi Bed with one or more other such documents, such ootnbiaatton 
being obvious to a person skilled in the tri 

docameat member of the same patent family 

Date of the actual completion of the international search 
January S, 1995 (05. 01. 95) 

Date of mailing of the international search report 

January 24, 1995 C . 01. 95) 

Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 

Authorized officer 
Telephone No. 


Form PCTASA/2I0 (second sheet) (July 1992) 


40 


